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CANTILEVER PROBE AND APPLICATIONS 
OF THE SAME 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

0001. This application is a divisional application of, and 
claims benefit of U.S. patent application Ser. No. 1 1/846,091, 
filed Aug. 28, 2007, entitled “A Cantilever Probe and Appli 
cations of the Same' by William P. King, which status is 
allowed, the disclosure of which is hereby incorporated 
herein in its entirety by reference. 
0002 Some references, which may include patents, patent 
applications and various publications, are cited and discussed 
in the description of this invention. The citation and/or dis 
cussion of such references is provided merely to clarify the 
description of the present invention and is not an admission 
that any such reference is “prior art” to the invention 
described herein. All references cited and discussed in this 
specification are incorporated herein by reference in their 
entireties and to the same extent as if each reference was 
individually incorporated by reference. In terms of notation, 
hereinafter, “In represents the nth reference cited in the 
reference list. For example, 7 represents the 7th reference 
cited in the reference list, namely, M.A. Poggi, E. D. Gadsby, 
L. A. Bottomley, W. P. King, E. Oroudjev, and H. Hansma, 
“Scanning probe microscopy.” Analytical Chemistry, vol. 76, 
pp. 3429-3443, Jun. 15, 2004. 

FIELD OF THE INVENTION 

0003. The present invention generally relates to a cantile 
ver probe, and in particular to a cantilever probe having an 
integrated nanoscale heater, and methods of fabricating same. 

BACKGROUND OF THE INVENTION 

0004. Thermal analysis (TA) refers to methods for mea 
Suring the temperature-dependant properties of materials. 
Both physical and chemical properties of materials may 
depend upon temperature. Examples of temperature-depen 
dant materials properties include but are not limited to: glass 
transition temperature, melting temperature, magnetic coer 
civity, electrical resistance, electrical capacitance, index of 
refraction, solubility, and pH. 
0005 Usually, a material of interest may be a mixture, 
blend, or compound that has heterogeneity Such that the tem 
perature-dependence of one or more properties varies from 
location to location within the material. In this case, accurate 
TA measurements must measure spatially-resolved thermal 
properties in order to understand and tailor the overall mate 
rial response. Novel TA techniques capable of high spatial 
resolution require instrumentation that is distinct from con 
ventional TA, in that they must deliver heat and measure 
temperature at one specific location in the material of interest. 
The resolution of the TA technique is governed by the size of 
the heater and thermometer. 
0006 Conventional probes for high-resolution TA include 
a thin metal wire 1, 2. These metal wire probes are bent and 
etched in order to form a tip. When an electrical current flows 
through the wire, heat is dissipated in the etched region of the 
wire. The wire has an electrical resistance that is a function of 
temperature, and thus it is possible to simultaneously measure 
both heating power and temperature in the tip. This metal wire 
probe can be mounted in an atomic force microscope (AFM) 
system 3. The AFM system allows the probe tip to be pre 
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cisely positioned in contact with a target Substrate of interest. 
The AFM is able to measure the probe bending as it is pushing 
into the target Substrate, and thus sample topography can be 
measured using the metal wire tip. Furthermore, the penetra 
tion of the tip into the Substrate can also be measured as a 
function of probe tip temperature and heating power. How 
ever, the metal wire probe has one significant drawback, 
which is that the spatial resolution is in the range of 1 um or 
greater. Thus the metal wire probe cannot be used to perform 
TA with a resolution much smaller than 1 Jum. 
0007 For highly local TA, it would desirable to have a 
probe with a tip that is sharper than the conventional wire 
probe tip, and it would further be desirable to have a probe 
with an integrated heater-thermometer that is smaller than 1 
lm. 
0008. In general, AFM probes with metal tips have not 
achieved nanometer-scale resolution, as it is difficult to fab 
ricate electrically active metal probes that are extremely sharp 
4-6. However, silicon probes may be made to have tips with 
better than 10 nm sharpness, and that may make images with 
atomic-scale resolution 7. 
0009 Silicon probes made with integrated heater-ther 
mometers have been demonstrated 8. These silicon probes 
are originally designed for data storage 9. They may be 
attractive for TA, as they have an extremely sharp tip and have 
an integrated heater-thermometer. However the heater-ther 
mometer of the silicon probe is quite large at about 5x10 um, 
and is not integrated into the end of the sharp tip but rather 
resides nearby. Thus, it would be desirable to have a sharp 
silicon probe tip having a heater-thermometer integrated into 
the tip, such that the size of the heater-thermometer is in the 
same or similar size to the sharpness of the probe tip, which 
however has not been available due to great technical barriers 
to be overcome. 

0010. Therefore, a heretofore unaddressed need exists in 
the art to address the aforementioned deficiencies and inad 
equacies. 

SUMMARY OF THE INVENTION 

0011. In one aspect, the present invention relates to a can 
tilever probe. In one embodiment, the cantilever probe 
includes a handle portion having a first end and an opposite, 
second end and a handle portion body formed therebetween; 
acantilever transversally projecting away from the first end of 
the handle portion Such that an angle, C., is formed between 
the cantilever and the handle portion body, where the canti 
lever has a first end portion, an opposite, second end portion, 
and a cantilever body formed therebetween, and the second 
end portion is anchored at the first end of the handle portion; 
a tip vertically extending from the first end portion of the 
cantilever, and an electrode member formed on the second 
end portion of the cantilever. The handle portion has a silicon 
wafer and a silicon dioxide layer formed on the silicon wafer. 
The angle C. is in the range of 0<C.<180°. 
0012. The cantilever is formed to have a first region and a 
second region in connection with the first region, where each 
region has an electrical resistivity. The tip is in the first region. 
The electrical resistivity of the first region is substantially 
higher than that of the second region Such that when an 
electrical current flows through the cantilever from the elec 
trode member, resistive heating occurs Substantially in the tip. 
In one embodiment, the tip has a taper shape having an apex 
portion and at least one slope portion extending from the apex 
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portion. The apex portion of the tip has a size in a range of 
about 1-1000 nm, and defines an angle B in the range of 
0<B<90°. 
0013. In one embodiment, the cantilever and the tip is 
formed of silicon. The silicon can be an n-type silicon or a 
p-type silicon. The first and second regions and of the canti 
lever are defined by a selective doping of the cantilever with 
a dopant, where each doping region has a dopant concentra 
tion. The dopant can be an n-type dopant or a p-type dopant. 
The dopant concentration of the first region is Substantially 
lower than that of the second region of the cantilever. In one 
embodiment, the first region of the cantilever is doped 
through a native doping of the silicon forming the cantilever 
Such that the first region in the tip has a native dopant con 
centration, where the native doping forms a highly resistive 
heating region in the tip. In another embodiment, the first 
region of cantilever is further doped through a tailoring dop 
ing Such that the apex portion of the tip has a tailored dopant 
concentration that is higher than the native dopant concentra 
tion. 
0014. Additionally, the second region extends through the 
at least one slope portion of the tip Such that the dopant 
concentration in the at least one slope portion of the tip is 
substantially higher than that of the apex portion of the tip, 
thereby allowing an electrical current to flow to the tip with 
out inducing heating in the cantilever away from the tip. 
0015. In another aspect, the present invention relates to a 
cantilever probe. In one embodiment, the cantilever probe has 
a cantilever having a shoulder that has a first end portion and 
an opposite, second end portion and a pair of arms respec 
tively extending from the first and second end portions of the 
shoulder; and a tip vertically extending from the shoulder of 
the cantilever. The cantilever and the tip are doped to have a 
first doping region in the tip and a second doping region in the 
pair of arms of the cantilever, respectively. The first doping 
region is in connection with the second doping region. Each 
doping region has a dopant concentration. The dopant con 
centration of the first doping region is substantially lower than 
that of the second doping concentration Such that when an 
electrical current flows through the cantilever, resistive heat 
ing occurs Substantially in the tip. 
0016. In one embodiment, each of the cantilever and the 
tip is formed of silicon. The tip has a taper shape having an 
apex portion and at least one slope portion extending from the 
apex portion. The apex portion of the tip has a size in a range 
of about 1-1000 nm. 
0017. The second doping region may extend through theat 
least one slope portion of the tip so that the dopant concen 
tration in the at least one slope portion of the tip is Substan 
tially higher than that of the apex portion of the tip, thereby 
allowing an electrical current to flow to the tip without induc 
ing heating in the cantilever away from the tip. 
0018. In one embodiment, the first doping region of the 
cantilever is doped through a native doping of the silicon Such 
that the first doping region in the tip has a native dopant 
concentration, where the native doping forms a highly resis 
tive heating region in the tip. In another embodiment, the first 
doping region of the cantilever is further doped through a 
tailoring doping Such that the apex portion of the tip has a 
dopant concentration that is higher than the native dopant 
concentration. 
0019. In yet another aspect, the present invention relates to 
a cantilever probe. In one embodiment, the cantilever has a 
cantilever having a first end portion, an opposite, second end 
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portion, and a cantilever body formed therebetween; and a tip 
having an apex portion, a bottom portion and a tip body 
formed therebetween, vertically extending from the first end 
portion of the cantilever such that the bottom portion of the tip 
is in the first end portion of the cantilever. The cantilever and 
the tip are doped to have a dopant concentration that varies 
spatially from the apex portion to the bottom portion of the tip 
and from the first end portion to the second end portion of the 
cantilever Such that the dopant concentration in the apex 
portion of the tip is substantially lower than that in the bottom 
portion of the tip, which is substantially identical to that in the 
first end portion of the cantilever, which in turn, is substan 
tially lower than that in the second end portion of the canti 
lever. In operation, when an electrical current flows through 
the cantilever, resistive heating occurs Substantially in the 
apex portion of the tip. 
0020. In a further aspect, the present invention relates to a 
method of fabricating a nanoscale cantilever probe. In one 
embodiment, the method includes the steps of (a) providing a 
silicon-on-insulator (SOI) wafer having a silicon handle por 
tion wafer, a buried silicon dioxide layer formed on the silicon 
handle portion wafer, and a silicon device layer formed on the 
buried silicon dioxide layer; (b) patterning the silicon device 
layer to define a cantilever structure having a first end portion 
and an opposite, second end portion and a tip vertically 
extending from the first end portion of the cantilever struc 
ture; (c) selectively doping the defined cantilever structure 
with a dopant to form a first doping region and a second 
doping region therein, wherein the first doping region con 
tains the tip and is in connection with the first doping region; 
(d) metallizing the second doping region of the cantilever 
structure to form an electrode member thereon; and (e) 
sequentially etching offportions of the silicon handle portion 
wafer and the buried silicon dioxide layer on the backside of 
the cantilever structure to form a cantilever. 
0021. In one embodiment, the patterning step is performed 
with photolithography and etching processes. The metalliz 
ing step is performed with a metal deposition process. 
0022. The sequentially etching step includes the steps of 
etching offa portion of the silicon handleportion wafer on the 
backside of the cantilever structure to expose a corresponding 
region of the buried silicon dioxide layer; and etching off the 
uncovered region of the buried silicon dioxide layer on the 
backside of the cantilever structure to form the cantilever. 
0023 The selectively doping step comprises the steps of 
(i) doping the defined cantilever structure with the dopant; 
and (ii) repeating step (i) in a selected region till the first 
doping region and the second doping region are formed in the 
defined cantilever structure Such that the dopant concentra 
tion of the first doping region is substantially different from 
that of the second doping region. The second doping region is 
substantially coincident with the selected region so that the 
dopant concentration of the first doping region is substan 
tially lower than that of the second doping region. Each of the 
first and second doping regions and has an electrical resistiv 
ity. The electrical resistivity of the first doping regions is 
Substantially higher than that of the second doping regions. 
0024. In yet a further aspect, the present invention relates 
to a method of fabricating a nanoscale cantilever probe. In one 
embodiment, the method includes the steps of forming a 
cantilever having a tip vertically extending from an end por 
tion of the cantilever, wherein the tip has an apex portion 
having a size in a range of about 1-1000 nmi; and selectively 
doping the cantilever with a dopant to form a first doping 
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region in the tip and a second doping region in the rest of the 
cantilever, wherein the dopant concentration of the first dop 
ing region is substantially lower than that of second doping 
region. In one embodiment, the first doping region corre 
sponds to a native doping region. 
0025. The method may further include the step of tailoring 
the impurity doping in the apex portion of the tip. The tailor 
ing step in one embodiment includes the steps of patterning 
the apex portion of the tip; and doping the patterned apex 
portion with a second dopant to form a third doping region 
having a doping concentration that is higher than that of the 
first doping region and Substantially lower than that of the 
second doping region. The patterning step is performed with 
a lithography process. The third doping region in the apex of 
the tip is in connection with the second doping region. The 
third doping region has an electrical resistivity that is lower 
than that of the first doping region and Substantially higher 
than that of the second doping region. 
0026. These and other aspects of the present invention will 
become apparent from the following description of the pre 
ferred embodiment taken in conjunction with the following 
drawings, although variations and modifications therein may 
be affected without departing from the spirit and scope of the 
novel concepts of the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The accompanying drawings illustrate one or more 
embodiments of the invention and, together with the written 
description, serve to explain the principles of the invention. 
Wherever possible, the same reference numbers are used 
throughout the drawings to refer to the same or like elements 
of an embodiment, and wherein: 
0028 FIG. 1 shows schematically a nanoscale cantilever 
probe according to one embodiment of the present invention; 
0029 FIG. 2 shows schematically a nanoscale cantilever 
probe according to another embodiment of the present inven 
tion, (A) a perspective view, (B) a front view, (C) a top view, 
and (D) a side view: 
0030 FIG. 3 shows schematically a nanoscale cantilever 
probe according to an alternative embodiment of the present 
invention, (A) a perspective view, (B) a front view, (C) a top 
view, and (D) a side view; and 
0031 FIG. 4 shows schematically fabricating processes 
(A)-(F) of a nanoscale cantilever probe according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0032. The present invention is more particularly described 
in the following examples that are intended as illustrative only 
since numerous modifications and variations therein will be 
apparent to those skilled in the art. Various embodiments of 
the invention are now described in detail. Referring to the 
drawings, like numbers indicate like components throughout 
the views. As used in the description herein and throughout 
the claims that follow, the meaning of “a”, “an', and “the 
includes plural reference unless the context clearly dictates 
otherwise. Also, as used in the description herein and 
throughout the claims that follow, the meaning of “in” 
includes “in” and “on” unless the context clearly dictates 
otherwise. 
0033. Additionally, some terms used in this specification 
are more specifically defined below, to provide additional 
guidance to the practitioner in describing the apparatus and 
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methods of the invention and how to make and use them. For 
convenience, certain terms may be highlighted, for example 
using italics and/or quotation marks. The use of highlighting 
has no influence on the scope and meaning of a term; the 
Scope and meaning of a term is the same, in the same context, 
whether or not it is highlighted. It will be appreciated that the 
same thing can be said in more than one way. Consequently, 
alternative language and synonyms may be used for any one 
or more of the terms discussed herein, nor is any special 
significance to be placed upon whether or not a term is elabo 
rated or discussed herein. Synonyms for certain terms are 
provided. A recital of one or more synonyms does not exclude 
the use of other synonyms. The use of examples anywhere in 
this specification, including examples of any terms discussed 
herein, is illustrative only, and in no way limits the scope and 
meaning of the invention or of any exemplified term. Like 
wise, the invention is not limited to various embodiments 
given in this specification. Furthermore, Subtitles may be used 
to help a reader of the specification to read through the speci 
fication, which the usage of Subtitles, however, has no influ 
ence on the scope of the invention. 
0034. As used herein, “about' or “approximately shall 
generally mean within 20 percent, preferably within 10 per 
cent, and more preferably within 5 percent of a given value or 
range. Numerical quantities given herein are approximate, 
meaning that the term “about' or “approximately” can be 
inferred if not expressly stated. 
0035. The description will be made as to the embodiments 
of the present invention in conjunction with the accompany 
ing drawings in FIGS. 1-4. In accordance with the purposes of 
this invention, as embodied and broadly described herein, this 
invention, in one aspect, relates to a cantilever probe having 
an integrated heater-thermometer, where the heater-ther 
mometer is of size 150 nm or smaller. The extremely small 
size of the heater-thermometer demands a novel fabrication 
technique, which is also disclosed below. The cantilever 
heater-thermometer is formed from the doped silicon, with 
the specific characteristics of the heater-thermometer 
depending upon the doping concentration, processing condi 
tions, and size/shape of the doped region(s). 
0036 Referring to FIG. 1, a cantilever probe 100 is sche 
matically shown according to one embodiment of the present 
invention. The cantilever probe 100 has a handle portion 101, 
a cantilever 130 with an integrated probe tip 140 projecting 
away from the handle portion 101, and an electrode member 
150 formed on the cantilever 130. The cantilever 130 and the 
tip 140 are formed of an n-type or p-type silicon. The elec 
trode member 150 is adapted for electrically accessing to the 
cantilever 120. 

0037. The handleportion 101 includes a silicon wafer 110 
and a silicon dioxide layer 120 formed on the silicon wafer 
110. The cantilever 130 has a first end portion 131, an oppo 
site, second end portion 133, and a cantilever body 135 
formed therebetween, and transversally projects away from 
the top surface 102 of the silicon dioxide layer 120. The probe 
tip 140 extends vertically from the first end portion 131 of the 
cantilever 130. In one embodiment, the tip 140 has a taper 
shape having an apex portion and one or more slope portions 
extending from the apex portion. The apex portion of the tip 
140 has a size in a range of about 1-1000 nm and defines an 
angle B that is in a range of 0<B<90°. 
0038. As shown in FIG. 1, the cantilever 130 is formed to 
have a first region 162 and a second region 164 in contact with 
the first region 162. The tip 140 is in the first region 162. Each 
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region has an electrical resistivity. The electrical resistivity of 
the first region 162 is substantially higher than that of the 
second region 164. In this case, when an electrical current 
flows through the cantilever 130 from the electrode member 
150, resistive heating occurs in the tip 140. The cantilever 130 
is formed such that the region of the highest electrical resis 
tivity is near the cantilever tip 140. When an electrical current 
flows through the cantilever, resistive heating occurs in this 
region of high electrical resistance. The region of high elec 
trical resistance can be formed either from native doping of 
the cantilever tip or through tailored doping that will yield a 
dopant concentration different than that of the native doping, 
which is used to form the cantilever 130 and the tip 140. The 
regions of low electrical resistance in the cantilever arms (or 
legs) and other cantilever regions away from the tip are 
formed with a high doping concentration that is tailored to 
those regions, as described below. 
0039 Referring to FIG. 2, a cantilever probe 200 having a 
cantilever 230 and a tip 240 is schematically shown according 
to another embodiment of the present invention. 
0040. The cantilever 230 has a shoulder 231 having a first 
end portion and an opposite, second end portion and a pair of 
arms (or legs) 233 respectively extending from the first and 
second end portions of the shoulder 231. The tip 240 verti 
cally extends from the shoulder 231 of the cantilever 230. In 
this exemplary embodiment shown in FIG. 2, the tip 240 is a 
taper (pyramid) having an apex portion 241 and four slope 
portions 243a-243d extending from the apex portion 241. Of 
them, the slope portions 243a and 243b are respectively 
extend from the apex portion 241 to the pair of arms (or legs) 
233 of the cantilever 230. The apex portion 241 of the tip 240 
is formed to have a dimension of about 1000 nm or less. Other 
geometrical types of tips can also be utilized to practice the 
present invention. 
0041. One or more doping processes can be utilized in 
connection with the cantilever 230 and the tip 240 to form a 
first doping region 262 in the tip 240 and a second doping 
region 264 in the rest of the cantilever 230. Each doping 
region has a dopant concentration. The corresponding dopant 
can be an n-type dopant or a p-type dopant. According to one 
embodiment of the present invention, the dopant concentra 
tion of the first doping region 262 is substantially lower than 
that of the second doping region 264. In this embodiment, the 
second doping region (a high doping region) 264 extends 
through the slope portions 243a and 243b of the tip 240 so that 
the dopant concentration in the slope portions 243a and 243b 
of the tip 240 is substantially higher than that of the apex 
portion 241 of the tip 240. Accordingly, when an electrical 
current flows through the arms 233 of the cantilever 230, 
resistive heating occurs in the apex portion 241 (a region of 
low dopant concentrations) of the tip 240, i.e., the electrical 
current flows to the tip 240 without significantly inducing 
heating in the arms 233 of the cantilever 230 away from the tip 
240 relative to the apex portion 241. The taper of the high 
doping region allows the location of highest electrical field to 
be in the cantilever tip 240. The geometry and location of the 
tapered high doping region allows for a sharp hot spot within 
the cantilever tip that is 150 nm or less in dimension sizewise. 
0042. The dopant concentration of the first doping region 
262 may be corresponding to the native dopant concentration 
of the silicon of which forms the cantilever 230 and the tip 
240. Likewise, the native doping of the silicon forms a highly 
resistive heating region (the apex portion 241) in the tip 241. 
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0043. Referring to FIG.3, a cantilever probe 300 having a 
cantilever 330 and a tip 340 is schematically shown according 
to an alternative embodiment of the present invention. In this 
embodiment, the apex portion 341 of the tip 340 has a tailored 
dopant concentration that is higher than the native dopant 
concentration of the first doping region362 but lower that that 
of the second doping region (high doping region) 364. This 
can be implemented by applying an additional second doping 
process to the cantilever probe, for example, shown in FIG. 2. 
The additional doping is patterned just at the apex 341 of the 
tip 340, so as to form a low doping region366 in the apex 341 
of the tip 340, which is in connection with the high doping 
region 364 that exists on either side 343a or 343b of the tip 
340. The low doping region 366 has an electrical resistivity 
that is lower than that of the native doped region 362, but 
much higher than that of the high doping region364. When an 
electrical voltage is held across the arms (or legs) 333 of the 
cantilever 330, electrical current flows through the highly 
doped silicon legs 333 and also the low doping region 366 in 
the apex 341 of the tip 340. Since the nanometer-scale low 
doping region 366 has the highest resistance in the circuit, 
resistive heating occurs only therein. 
0044 As shown in FIG.3B, the apex portion 341 of the tip 
340 defines an apex angle, B, in the range of 0<B<90. Further, 
the apex portion 341 has a triangular cross-section defined 
between a first point 341a, second point 341b, and third point 
341c such that the first point 341a and the second point 341b 
define a base therebetween having a length 1, and the third 
point 341c and the base define a length 1 therebetween, such 
that 1 or each of landl is in the range of 100nm to 1000 nm. 
0045 One aspect of the present invention relates to a can 
tilever probe. In one embodiment, the cantilever has a canti 
lever having a first end portion, an opposite, second end 
portion, and a cantilever body formed therebetween; and a tip 
having an apex portion, a bottom portion and a tip body 
formed therebetween, vertically extending from the first end 
portion of the cantilever such that the bottom portion of the tip 
is in the first end portion of the cantilever. The cantilever and 
the tip are doped to have a dopant concentration that varies 
spatially from the apex portion to the bottom portion of the tip 
and from the first end portion to the second end portion of the 
cantilever Such that the dopant concentration in the apex 
portion of the tip is substantially lower than that in the bottom 
portion of the tip, which is substantially identical to that in the 
first end portion of the cantilever, which in turn, is substan 
tially lower than that in the second end portion of the canti 
lever. In operation, when an electrical current flows through 
the cantilever, resistive heating occurs Substantially in the 
apex portion of the tip. 
0046 FIGS. 4A-4F show schematically a manufacturing 
process for the cantilever having the nanometer-scale heater 
thermometer. The manufacturing process starts with a sili 
con-on-insulator (SOI) wafer 401. The SOI wafer 401 has a 
thick silicon handle portion wafer 410, a thin buried silicon 
dioxide layer 420 formed on the thick silicon handle portion 
wafer 410, and a thin silicon device layer 430 formed on the 
thin buried silicon dioxide layer 420, as shown in FIG. 4A. 
The thin silicon device layer 430 may be natively doped. 
0047 Standard photolithography and etching processes 
are applied to the SOI wafer 401 to form a cantilever structure 
435 having a first end portion 431 and an opposite, second end 
portion 433 and a tip 440 vertically extending from the first 
end portion 431 of the cantilever structure 435, as shown in 
FIG. 4B. The tip 440 is formed to have an apex portion with 
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a size in a range of about 1-1000 nm. As described below, the 
apex portion of the tip 240 can be utilized as a heater-ther 
mometer. 

0048. Then, one or more impurity doping steps are per 
formed on the cantilever structure 435 to define the local 
electrical characteristics of the cantilever probe. As a result, a 
first doping region 462 and a second doping region 464 are 
formed therein, where the first doping region 462 is in con 
nection with the second doping region 464, as shown in FIG. 
4C. The tip 440 is in the first doping region 462. The dopant 
concentration of the first doping region 462 is Substantially 
lower than that of the second doping region 464. In other 
words, the electrical resistivity of the first doping regions 462 
is Substantially higher than that of the second doping regions 
464. The tip 440 is thus formed to have the highest electrical 
resistivity. The first doping region 462 can be a native doping 
region. The first and second doping regions can also be 
referred as low and high doping regions, respectively. 
0049. As shown in FIG. 4D, metal deposition on the sec 
ond doping region 464 of the cantilever structure 435 forms 
an electrode member 450, which allows for electrical access 
to the doped silicon cantilever. Etching process steps are 
sequentially performed through the backside of the cantilever 
structure 435 to etch offa portion of the silicon handle portion 
wafer 410, thereby uncovering a corresponding region 421 of 
the buried silicon dioxide layer 420, and then etch off the 
uncovered region 421 of the buried silicon dioxide layer 420 
to form the cantilever probe 400, as shown in FIGS. 4E and 
4.F. 

0050. Furthermore, an additional doping step (not shown) 
may be applied to the cantilever probe to form a highly 
resistive region of low doping concentration in the cantilever 
tip. In this doping step, the doping is patterned just at the apex 
of the tip to form a low doping region therein, which is in 
connection with the high doped region that exists on either 
side of the tip. The additional doping step is patterned into a 
region of size near 150 nm or less, using a lithography tech 
nique. The low doping region has an electrical resistivity that 
is lower than that of the native doped silicon cantilever, but 
much higher than that of the high doping region. When an 
electrical Voltage is held across the arms (or legs) of the 
cantilever, a corresponding electrical current flows through 
the highly doped silicon arms, and also through the low dop 
ing region near the tip. Since the nanoscale low doping region 
has the highest resistance in the circuit, resistive heating 
occurs substantially in the nanoscale low doping region. 
0051. The foregoing description of the exemplary 
embodiments of the invention has been presented only for the 
purposes of illustration and description and is not intended to 
be exhaustive or to limit the invention to the precise forms 
disclosed. Many modifications and variations are possible in 
light of the above teaching. 
0.052 The embodiments were chosen and described in 
order to explain the principles of the invention and their 
practical application so as to enable others skilled in the art to 
utilize the invention and various embodiments and with vari 
ous modifications as are Suited to the particular use contem 
plated. Alternative embodiments will become apparent to 
those skilled in the art to which the present invention pertains 
without departing from its spirit and scope. Accordingly, the 
scope of the present invention is defined by the appended 
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claims rather than the foregoing description and the exem 
plary embodiments described therein. 
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1. A cantilever probe, comprising: 
(a) handle portion having a first end and an opposite, sec 
ond end and a handle portion body formed therebe 
tween; 

(b) a cantilever transversally projecting away from the first 
end of the handleportion Such that an angle, C., is formed 
between the cantilever and the handle portion body, 
wherein the cantilever has a first end portion, an oppo 
site, second end portion, and a cantilever body formed 
therebetween, and wherein the second end portion is 
anchored at the first end of the handle portion; 

(c) a tip vertically extending from the first end portion of 
the cantilever; and 

(d) an electrode member formed on the second end portion 
of the cantilever, 

wherein the cantilever is formed to have a first region and 
a second region in connection with the first region, each 
region having an electrical resistivity; 

wherein the tip is in the first region; and 
wherein the electrical resistivity of the first region is sub 

stantially higher than that of the second region Such that 
when an electrical current flows through the cantilever 
from the electrode member, resistive heating occurs Sub 
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stantially in the tip, wherein the tip has a taper shape 
having an apex portion and at least one slope portion 
extending from the apex portion, and wherein the apex 
portion of the tip has a diameter in a range from about 
100 nm to about 1000 nm, and defines an apex angle, B. 
in the range of 0<B<90°, and wherein the apex portion of 
the tip has a triangular cross-section defined between a 
first point, second point, and third point such that the first 
point and the second point define a base therebetween 
having a length 1, and the third point and the base define 
a length 1 therebetween, such that 1 or each of land 1 
is in the range of 100 nm to 1000 nm. 

2. (canceled) 
3. (canceled) 
4. The cantilever probe of claim 1, wherein the cantilever is 

formed of silicon, and wherein the silicon comprises an 
n-type silicon or a p-type silicon. 

5. The cantilever probe of claim 4, wherein the first and 
second regions and of the cantilever are defined by a selective 
doping of the cantilever with a dopant, each doping region 
having a dopant concentration. 

6. The cantilever probe of claim 5, wherein the dopant 
comprises an n-type dopant or a p-type dopant. 

7. The cantilever probe of claim 5, wherein the dopant 
concentration of the first region is substantially lower than 
that of the second region of the cantilever. 

8. The cantilever probe of claim 7, wherein the first region 
of the cantilever is doped through a native doping of the 
silicon forming the cantilever such that the first region in the 
tip has a native dopant concentration. 

9. The cantilever probe of claim 8, wherein the native 
doping forms a highly resistive heating region in the tip. 

10. (canceled) 
11. (canceled) 
12. The cantilever probe of claim 1, wherein the handle 

portion has a silicon wafer and a silicon dioxide layer formed 
on the silicon wafer. 

13. The cantilever probe of claim 1, wherein the angle C. is 
in the range of 0<C.<180°. 

14. A cantilever probe, comprising: 
(a) a cantilever having a shoulder that has a first end portion 
and an opposite, second end portion and a pair of arms 
respectively extending from the first and second end 
portions of the shoulder; and 

(b) a tip vertically extending from the shoulder of the 
cantilever, 

wherein the cantilever and the tip are doped to have a first 
doping region in the tip and a second doping region in 
the pair of arms of the cantilever, respectively, each 
doping region having a dopant concentration, wherein 
the dopant concentration of the first doping region is 
Substantially lower than that of the second doping con 
centration such that when an electrical current flows 
through the cantilever, resistive heating occurs Substan 
tially in the tip, and wherein the tip has a taper shape 
having an apex portion and at least one slope portion 
extending from the apex portion, and wherein the apex 
portion of the tip has a triangular cross-section defined 
between a first point, second point, and third point Such 
that the first point and the second point define a base 
therebetween having a length 1 and the third point and 
the base define a length 1 therebetween, such that 1 or 
each of 1 and 1 is in the range of 100 nm to 1000 nm. 

15. (canceled) 
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16. (canceled) 
17. The cantilever probe of claim 14, wherein each of the 

cantilever and the tip is formed of silicon, and wherein the 
silicon comprises an n-type silicon or a p-type silicon. 

18. The cantilever probe of claim 17, wherein the first 
doping region of the cantilever is doped through a native 
doping of the silicon Such that the first doping region in the tip 
has a native dopant concentration. 

19. The cantilever probe of claim 18, wherein the native 
doping forms a highly resistive heating region in the tip. 

20. (canceled) 
21. (canceled) 
22. The cantilever probe of claim 14, wherein the first 

doping region is in connection with the second doping region. 
23. A cantilever probe, comprising: 
a. a cantilever having a first end portion, an opposite, sec 

ond end portion, and a cantilever body formed therebe 
tween; and 

b. a tip having an apex portion, a bottom portion and a tip 
body formed therebetween, vertically extending from 
the first endportion of the cantilever such that the bottom 
portion of the tip is in the first end portion of the canti 
lever, 

wherein the cantilever and the tip are doped to have a 
dopant concentration that varies spatially from the apex 
portion to the bottom portion of the tip and from the first 
end portion to the second end portion of the cantilever 
Such that the dopant concentration in the apex portion of 
the tip is substantially lower than that in the bottom 
portion of the tip, which is substantially identical to that 
in the first end portion of the cantilever, which in turn, is 
substantially lower than that in the second end portion of 
the cantilever. 

24. The cantilever probe of claim 23, wherein in operation, 
when an electrical current flows through the cantilever, resis 
tive heating occurs Substantially in the apex portion of the tip. 

25. A method of fabricating a nanoscale cantilever probe, 
comprising the steps of 

a. providing a silicon-on-insulator (SOI) wafer having a 
silicon handle portion wafer, a buried silicon dioxide 
layer formed on the silicon handle portion wafer, and a 
silicon device layer formed on the buried silicon dioxide 
layer; 

b. patterning the silicon device layer to define a cantilever 
structure having a first end portion and an opposite, 
second end portion and a tip vertically extending from 
the first end portion of the cantilever structure; 

c. selectively doping the defined cantilever structure with a 
dopant to form a first doping region and a second doping 
region therein, wherein the first doping region contains 
the tip and is in connection with the first doping region; 

d. metallizing the second doping region of the cantilever 
structure to form an electrode member thereon; and 

e. Sequentially etching off portions of the silicon handle 
portion wafer and the buried silicon dioxide layer on the 
backside of the cantilever structure to form a cantilever. 

26. The method of claim 25, wherein the patterning step is 
performed with photolithography and etching processes. 

27. The method of claim 25, wherein the metallizing step is 
performed with a metal deposition process. 
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28. The method of claim 25, wherein the sequentially etch 
ing step comprises the steps of 

a. etching off a portion of the silicon handle portion wafer 
on the backside of the cantilever structure to expose a 
corresponding region of the buried silicon dioxide layer; 
and 

b. etching off the uncovered region of the buried silicon 
dioxide layer on the backside of the cantilever structure 
to form the cantilever. 

29. The method of claim 25, wherein the selectively doping 
step comprises the steps of 

a. doping the defined cantilever structure with the dopant; 
and 

b. repeating step (a) in a selected region till the first doping 
region and the second doping region are formed in the 
defined cantilever structure Such that the dopant concen 
tration of the first doping region is substantially different 
from that of the second doping region. 

30. The method of claim 29, wherein the second doping 
region is substantially coincident with the selected region so 
that the dopant concentration of the first doping region is 
Substantially lower than that of the second doping region. 

31. The method of claim 30, wherein each of the first and 
second doping regions and has an electrical resistivity, and 
wherein the electrical resistivity of the first doping regions is 
Substantially higher than that of the second doping regions. 

32. The method of claim 30, wherein The tip has an apex 
portion having, a size in a range of about 1-1000 nm. 

33. A method of fabricating a nanoscale cantilever probe, 
comprising the steps of 
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a. forming a cantilever having a tip vertically extending 
from an end portion of the cantilever, wherein the tip has 
an apex portion having a size in a range of about 1-1000 
nm, and 

b. selectively doping the cantilever with a dopant to form a 
first doping region in the tip and a second doping region 
in the rest of the cantilever, wherein the dopant concen 
tration of the first doping region is substantially lower 
than that of second doping region. 

34. The method of claim33, wherein the first doping region 
corresponds to a native doping region. 

35. The method of claim 34, further comprising the step of 
tailoring the impurity doping in the apex portion of the tip. 

36. The method of claim 35, wherein the tailoring step 
comprises the steps of 

a. patterning the apex portion of the tip; and 
b. doping the patterned apex portion with a second dopant 

to form a third doping region having a doping concen 
tration that is higher than that of the first doping region 
and Substantially lower than that of the second doping 
region. 

37. The method of claim 36, wherein the patterning step is 
performed with a lithography process. 

38. The method of claim 36, wherein the third doping 
region in the apex of the tip is in connection with the second 
doping region. 

39. The method of claim 36, wherein the third doping 
region has an electrical resistivity that is lower than that of the 
first doping region and Substantially higher than that of the 
second doping region. 

c c c c c 


